Introduction
North American scorpions of the genus Hadrurus Thorell (Family Iuridae Thorell) are the largest in the New World, attaining a length of c. 12-13 cm and a mass of 20-25 g. In Mexico, these scorpions are known as 'matacaballos' (horse killers), although their venom has low toxicity to mammals (Hoffmann, 1931; Williams, 1970) . In the USA, they are called 'giant hairy scorpions'.
The eight species and two subspecies of Hadrurus (Table 1) are fossorial, seldom wandering far from the entrances to their burrows. Consequently, these scorpions were relatively rare in collections before the advent of ultraviolet (UV) light detection collecting techniques (Sissom et al., 1990) . The paucity of specimens in collections hindered progress on their taxonomy and confusion remains today regarding the taxonomic status of certain populations, and the phylogenetic relationships among the species. In the latest ' (1970, p. 31 ) statement that 'within each subgroup the members share such characteristics in common that a closer relation by descent is apparent' implies a hypothesis of phylogenetic relationship, which we have presented diagrammatically in Fig. 1 . Soleglad (1976) presented an analysis of the taxonomy of the genus based on the trichobothrial pattern of the pedipalp chela and recognized Hadrurus gertschi Soleglad from the Mexican state of Guerrero as distinct from H. aztecus from the states of Oaxaca and Puebla. Soleglad (1976, p. 117 ) defined two species groups, each containing two subgroups:
Two species, H. aztecus and H. gertschi, lack internal accessory trichobothria. Due to this characteristic plus their close geographical proximity and likewise distant range from other species, I have placed them in the 'aztecus' group. However, since the two species have little in common except for the lack of internal accessory trichobothria, I have placed them in separate subgroups, the 'aztecus' subgroup and the 'gertschi' subgroup. The other group, which I call the 'hirsutus' group, has at least two internal accessory trichobothria and sometimes as many as seven. Within this group I recognize two subgroups based entirely on the presence or absence of external accessory trichobothria. The first subgroup, which has one to four external accessory trichobothria, is called the 'hirsutus' subgroup; the other subgroup, called the 'arizonensis' subgroup, does not have external accessory trichobothria; in coming up with differentiae for the species, only the presence or absence of accessory trichobothria were considered to be of primary importance. Positional differences in the trichobothria were seldom relied upon, and were avoided entirely in most cases. [italics added] Soleglad (1976) also implied, using pedipalp chelal trichobothrial patterns alone, that H. concolorous and H. hirsutus are sister species, and likewise that H. obscurus and H. spadix are sister species. Soleglad's (1976) implied hypothesis of phylogenetic relationships among the species of Hadrurus is presented diagrammatically in Fig. 2 . Three taxonomic characters either ignored or overlooked by Soleglad (1976) , in proposing phylogenetic relationships among the species of Hadrurus, are noteworthy: (1) the males of H. aztecus, H. concolorous and H. pinteri possess welldeveloped subaculear glands on the dorsal aspect of the telson; (2) although H. gertschi and the 'hirsutus' subgroup possess external accessory trichobothria on the pedipalp chela manus, H. concolorous and H. hirsutus possess one or two (usually one, always located in the Et region), whereas H. gertschi and H. pinteri possess three or four (usually one in the Et region, and two or three in the Esb-Est region); (3) both H. gertschi and H. pinteri possess more than 20 trichobothria on the ventral surface of the chela manus, forming a double row in the distal three-quarters in H. gertschi, and a double row in the distal third in H. pinteri, whereas the other species possess fewer than 20 trichobothria on the ventral surface, arranged in a single row.
In a monograph on the scorpions of the Baja California Peninsula, Williams (1980) indicated that several species of Hadrurus found there are extremely variable in colouration. In some cases, darker forms are associated with darker (e.g. volcanic) substrata, but in others there is no clear association, and melanistic forms occur in sympatry with non-melanistic forms. In view of these observations, caution should be exercised when using colouration in the systematics of Hadrurus. presented a phylogenetic analysis of the 'hirsutus' group of Hadrurus, based on morphology and mitochondrial DNA sequences, the aims of which were to determine the phylogenetic support for the two subgroups defined by Soleglad (1976) within the 'hirsutus' group (i.e. the 'hirsutus' and 'arizonensis' subgroups) and to evaluate the monophyly of species complexes within the two subgroups. constructed a matrix of 16 morphological characters and four 'biogeographical-based' characters (discussed in some detail by Prendini & Wheeler, 2005) , scored for seven terminal taxa (Table 2) Analysis of the morpho-biogeographical matrix, on the basis of which Fet et al. (2001, p. 139) claimed to have 'demonstrated the monophyly' of the 'hirsutus' and 'arizonensis' subgroups, retrieved the cladogram reproduced in Fig. 3 . The molecular data, analysed separately using four methods (UP-GMA, neighbor-joining, maximum likelihood and parsimony), and simultaneously with the morpho-biogeographical data in a direct-optimization parsimony analysis, consistently retrieved the following scheme of relationships, demonstrating a paraphyletic 'hirsutus' subgroup: (H. pinteri ((H. concolorous + H. hirsutus) (H. arizonensis (H. spadix + H. obscurus)))). Unlike Fet et al. (2001, p. 153 ), we do not regard 'supported but ladderized' (their terminology for paraphyletic) as evidence of monophyly. It is noteworthy that the simultaneous analysis of all data gathered by these authors falsified the hypothesis of a monophyletic 'hirsutus' subgroup. Based on molecular evidence alone, Table 2 for character matrix and Appendix 1 for character descriptions.
presented by may be further criticised on the peculiar method of rooting that was employed, and which calls into question the results obtained (Fig. 3) . No data were provided for the 'aztecus' group of Hadrurus, containing the two mainland Mexican species (H. aztecus and H. gertschi), and considered sister to the 'hirsutus' group by Williams (1970) and Soleglad (1976) . According to Fet et al. (2001, p. 142 ):
The ideal outgroup for 'hirsutus' group analysis would be a member of its presumed sister group, the 'aztecus' group (either H. aztecus or H. gertschi), but neither species was available for DNA sampling. However, for morphology we did conduct a detailed analysis of all Hadrurus species (not presented in this paper), where, by declaring the 'aztecus' group as an outgroup, we were able to establish the 'hirsutus' subgroup as monophyletic within the 'hirsutus' group. Thus, the 'hirsutus' subgroup is a legitimate outgroup for morphology analysis as presented in this paper. An unpublished analysis that is rooted on a taxon, the affinities and monophyly of which have not been tested (i.e. the 'aztecus' group), cannot be used to justify the ingroup for a separate, subsequent analysis. Use of the 'hirsutus' subgroup as outgroup for a morphological analysis of the 'hirsutus' group (a more inclusive clade) is not only logically absurd, but contradicted by the molecular analyses of , which retrieved a paraphyletic 'hirsutus' subgroup. The choice of different outgroups for the morphological and molecular analyses presented by is also unconventional. Their initial outgroup for the molecular analyses, Vaejovis spinigerus Wood (family Vaejovidae Thorell), is not even confamilial with Hadrurus.
In their latest paper on the systematics of Hadrurus, Fet et al. (2004) used their alleged evidence of a monophyletic 'hirsutus' group to justify monophyly of the 'aztecus' group, and proposed a new genus, Hoffmannihadrurus Fet et al., to accommodate its component species in two new combinations: Hoffmannihadrurus aztecus (Pocock) and Hoffmannihadrurus gertschi (Soleglad). The 'aztecus' group was originally defined (Soleglad, 1976) by the absence of internal accessory trichobothria on the pedipalp chela, a plesiomorphy, based on outgroup comparison with other iurid genera, and neither ) nor Fet et al. (2004 presented a phylogenetic analysis to test the monophyly of the 'aztecus' group, and hence the monophyly of their putative new genus, Hoffmannihadrurus.
Materials and methods
Taxa. The cladistic analysis presented here is based on 15 terminal taxa ( Table 4) . The ingroup includes all species, subspecies and known colour variations of Hadrurus (Williams, 1970; , treated as separate terminal taxa to test their relationships directly (see Prendini, 2001 for rationale).
Trees were rooted using the outgroup method (Watrous & Wheeler, 1981; Farris, 1982; Nixon & Carpenter, 1993) . The generally accepted higher classification of the family Iuridae, to which Hadrurus belongs, follows Francke and Soleglad (1981 ; Table 3 ), ranks notwithstanding. Fet et al. (2004) followed Soleglad and Fet (2003) (Brullé); Caraboctonus keyserlingi Pocock, the type species of Caraboctonus; Hadruroides charcasus (Karsch), the type species of Hadruroides. We follow Francke and Soleglad (1981) and others in excluding Anuroctonus Pocock from Iuridae, and hence from our analysis of Hadrurus phylogeny, for the following reasons. Stahnke (1974) considered Anuroctonus to be the sistergroup of Hadrurus, based on the shared presence of accessory trichobothria (neobothriotaxy) on the ventral surfaces of the pedipalp chela manus and patella in the two genera. However, Vachon (1974) provided ample evidence that neobothriotaxy per se evolved independently in many groups of scorpions and cannot be considered synapomorphic. Soleglad (1981) reviewed Stahnke's (1974) hypothesis of relationship between Anuroctonus and Hadrurus, failed to corroborate it, and removed Anuroctonus from Iuridae, placing it incertae sedis within Chactoidea. Francke and Soleglad (1981) proposed several putative synapomorphies for Caraboctoninae instead. Sissom (1990) followed Francke and Soleglad (1981) in retaining Anuroctonus as incertae sedis within Chactoidea. Stockwell (1992) , however, returned Anuroctonus to Iuridae, and resurrected Stahnke's (1974) putative sister-group relationship between Hadrurus and Anuroctonus, based on an unpublished phylogenetic analysis (Stockwell, 1989) in which the group was supported primarily by the presence of accessory trichobothria. Stockwell's (1992) decision was questioned by Sissom and Fet (2000) . In the most recent development, Soleglad and Fet (2003, 2004) transferred Anuroctonus from Iuridae to Chactidae Pocock, and placed it in subfamily Uroctoninae Mello-Leitão, as the sister-group of Uroctonus Thorell (which was transferred from Vaejovidae to Chactidae by these authors), on the basis of a different set of putative synapomorphies. Prendini and Wheeler (2005) presented a detailed critique of the work of Soleglad and Fet (2003, 2004) , demonstrating that several of these putative synapomorphies fail the test of primary homology, and concluded that there is no justification for accepting the analytical results or revised classification of these authors (and, by extension, their decisions on the taxonomic placement of Anuroctonus). Given that the phylogenetic position of Anuroctonus remains ambiguous, and that Hadrurus shares more potential synapomorphies with Caraboctonini than either of these taxa shares with Anuroctonus, we exclude Anuroctonus from the analysis presented below, and instead include exemplar species of the two genera of Caraboctonini, Caraboctonus and Hadruroides, as outgroups, while acknowledging that the phylogenetic position of Anuroctonus merits further investigation. The tree is rooted on Iurus dufoureius. Material examined for outgroup taxa is listed in Appendix 2.
Characters. The morpho-biogeographical character matrix presented by  Table 2 ) was re-evaluated in the course of the present investigation (Appendix 1). Several characters (including the 'biogeographical-based' characters) were abandoned or recoded, and additional characters, many of which are pertinent to relationships among the outgroup taxa, added and often recoded from Williams (1970 ), Soleglad (1976 ), Lamoral (1980 , Stockwell (1989) , Prendini (2000 Prendini ( , 2003 Prendini ( , 2004 , Soleglad and Sissom (2001) , Soleglad and Fet (2001, 2003) and Fet et al. (2004) . The revised character list is presented in Appendix 3.
The revised character matrix (Table 4 ) comprises 61 characters, 11 coded into multistates and 50 coded into binary states. Twenty-nine of these characters (9-19, 21-23, 25, 27, 31, 33, 34, 37, 39-41, 43, 45, 52, 54, 55, 60) are uninformative, but were retained in the matrix because they contribute to its completeness and future utility, e.g. in diagnostic keys (Yeates, 1992) . These characters were deactivated during the analyses, which are thus based on the 32 informative characters only. Multistate characters were treated as unordered/nonadditive (Fitch 1971) , defended by invoking the principle of indifference, which asserts that if there is no apparent reason for considering one event to be more probable than its alternatives, then all should be considered equiprobable (Wilkinson, 1992) .
Cladistic analysis. Character data were edited and cladograms prepared using WinClada, version 1.00.08 (Nixon, 2002) . Ambiguous optimisations were resolved using accelerated transformation (ACCTRAN) or Farris optimisation, which favours reversals over parallelisms to explain homoplasy (Farris, 1970; Swofford & Maddison, 1987 , 1992 and therefore maximises homology (Griswold et al., 1998) . The 29 uninformative characters were deactivated during all the analyses; hence tree statistics are calculated from phylogenetically informative characters only (Bryant, 1995) .
Characters were not weighted a priori. Analyses with equal weighting were conducted using the 'parsimony ratchet' (Nixon, 1999) in NONA version 2.0 (Goloboff, 1997a), according to the following command sequence: nix = 50; hold/3; nix[10; nix-10 50 20; preceded by hold10000; hold/100; mult * 100; and followed by max * ;. The 'strength' or 'factor' of the ratchet (i.e. the proportion of characters reweighted) was set to 50% (command nix = 50). Fifty initial iterations of the ratchet (command nix 50) were conducted. SPR branch-swapping was applied in the first ten iterations, followed by TBR branch-swapping in the remaining 40 (command nix-10). Three starting trees were held in memory at each iteration (command hold/3) and, every 10 iterations, one of the best trees located at that stage in the search was randomly selected for continued swapping (command nix[10). When the 50 initial iterations were completed, a further 20 iterations were conducted (command nix 50 20) . Implied character weighting (Goloboff, 1993 (Goloboff, , 1995 was conducted to assess the effects of weighting against homoplasious characters, and the resultant topologies compared with those obtained by analysis with equal weighting. In varying the weighting regime applied to the data, we provide a 'sensitivity analysis' (Wheeler, 1995) , i.e. an assessment of the relative robustness of clades to different analytical parameters, in this case, method and intensity of character weighting (see Prendini, 2000 Prendini, , 2004 Prendini et al., 2003) . If a group is monophyletic only under a very specific combination of parameters, less confidence may be placed in the supposition that the data robustly support its monophyly than may be placed in a group that is monophyletic under a wider range and combination of parameters.
Pee-Wee version 3.0 (Goloboff, 1997b) was used for analyses with implied weighting, applying the command sequence: hold10000; hold/10; mult * 100; (hold 10000 trees in memory; hold ten starting trees in memory; perform treebisection-reconnection (TBR) branch-swapping on 100 random addition replicates). Additional swapping on up to 1000 trees that are up to 5% longer than the shortest trees (command jump 50;) was performed to help the swapper move between multiple local optima ('islands' sensu Maddison, 1991) . Finally, trees found with this command were again swapped with TBR, using the command max * ; to retain only optimal trees. Analyses with implied weighting investigated the use of six values for the concavity constant, K, spanning the input range permitted by Pee-Wee (command: conc N;).
The relative degree of support for each node in the tree obtained with equal weighting was assessed with branch support or decay indices (Bremer, 1988 (Bremer, , 1994 Donoghue & Sanderson 1992) . Branch support indices up to 14 extra steps (setting the maximum number of trees held in memory to 10000) were calculated with NONA, by means of the following command sequence: h10000; bsupport 14;. Obtaining accurate branch support values required 14 successive searches to be conducted, starting by searching for trees only one step longer than the shortest, and continuing with searches for progressively longer trees until values had been obtained for nodes with the greatest support.
Results
Analysis of the 32 informative characters located a single most parsimonious tree under equal weighting and implied weighting with six K values (Table 5 ; Fig. 4 
pallidus)))))
). This topology, obtained by the seven independent analyses under weighting regimes that minimised length as well as those that maximised fit ( of phylogenetic relationships among the taxa in question. Synapomorphies are indicated on this topology in Fig. 4 , and the length, fit (f i ), consistency indices, and retention indices of informative characters listed in Table 6 . This topology supports the monophyly of Caraboctoninae, Caraboctonini, Hadrurini, the 'arizonensis' subgroup, H. arizonensis and H. concolorous. It does not support the monophyly of Hoffmannihadrurus, Hadrurus, the 'aztecus' group, the 'hirsutus' group and the 'hirsutus' subgroup, all of which were rendered paraphyletic by the grouping of H. gertschi with H. pinteri, rather than with H. aztecus. In addition, the terminals of H. obscurus collapsed to form a zero-length branch with H. spadix, suggesting that there are no unambiguous morphological characters supporting the monophyly of H. obscurus as distinct from H. spadix. Hadrurus Thorell and three outgroup taxa under weighting regimes that maximised fit and minimised length. This topology was retrieved by analyses with equal weighting and implied weighting with K = 1-6 (Table 5) . Unambiguous synapomorphies are indicated with bars. Solid bars indicate uniquely derived apomorphic states, whereas empty bars indicate parallel derivations of apomorphic states. The number above each bar gives the character number, the number below gives the character state, and the number at each node gives the branch support value. Zero-length branches are collapsed. Refer to Table 6 Length (steps), fit (f i ), consistency indices (CI), and retention indices (RI) of informative characters on the most parsimonious tree obtained by analysis under weighting regimes that maximised fit and minimised length (Fig. 4) .
Discussion
The results presented here agree in most respects with previous hypotheses of relationship for the taxa in question (Figs 1-3 (1) Chela fixed finger internal accessory trichobothria present in Hadrurus, but absent in Hoffmannihadrurus. This is character 46 in our revised character matrix (Table 4 ; Appendix 3). According to the optimal tree retrieved in the present analyses (Fig. 4) , the absence of internal accessory trichobothria on the pedipalp chela fixed finger is plesiomorphic in H. aztecus and undergoes an autapomorphic reversal (interpreted as loss of the trichobothria) in H. gertschi, falsifying this character state as a diagnostic synapomorphy of Hoffmannihadrurus.
(2) Trichobothria ib and it situated suprabasally on fixed finger in Hadrurus (Fet et al. 2004, p. 40, Figs 60-64) , but situated basally in Hoffmannihadrurus (Fet et al. 2004, p. 40, Fig. 59) . This somewhat subjective distinction in trichobothrial position merits further evaluation from several perspectives. First, comparison of Fig. 59 , illustrating the combined positions of trichobothria ib and it in H. aztecus and H. gertschi according to Fet et al. (2004) , with Fig. 64 , illustrating their positions in H. spadix, reveals no meristic difference between fixed finger length and distance from the tip of the finger to the trichobothria. An examination of real specimens showed that both trichobothria are situated basal to the basal enlarged denticle of the median denticle row on the fixed finger in H. gertschi, ib is situated basal and it equal to or slightly distal to the denticle in H. aztecus, and it is situated slightly basal to the denticle in H. spadix. Therefore, if the positions of these trichobothria are defined relative to the basal denticle of the median denticle row, the distinction between H. aztecus, H. gertschi, and other species of Hadrurus is less obvious than suggested by Fet et al. (2004) . Second, a pattern of allometric growth may be observed at the base of the finger, among the species in which trichobothria ib and it are situated suprabasally. The first (basal) subrow of the median denticle row is 1.5-2 times longer than the second and third subrows in these species, but equal to or slightly shorter than the second and third rows in the species in which these trichobothria are situated basally. Third, the supposed homology of the internal trichobothria is open to interpretation when accessory trichobothria are present (for further discussion of this controversial issue, see Prendini and Wheeler, 2005) . Finally, it must be pointed out that the sister-group Caraboctonini possess no internal accessory trichobothria, and ib and it are located relatively basally (see Francke & Soleglad, 1980, Figs 12 and 30) , suggesting that this character state would be symplesiomorphic in Hoffmannihadrurus. In spite of these issues, we coded the basal and suprabasal positions of these trichobothria as proposed by Fet et al. (2004) , to test the veracity of the basal condition as a potential synapomorphy for Hoffmannihadrurus. However, we treated the two trichobothria as separate characters 44 and 45 in our revised character matrix (Table 4 ; Appendix 3), based on the different position of trichobothrium it in the outgroup Iurus. Only character 44 (trichobothrium ib) portrays the distinction between the basal and suprabasal positions proposed by Fet et al. (2004) . According to the optimal tree retrieved in the present analyses (Fig. 4) , the basal position of trichobothrium ib is plesiomorphic in H. aztecus and undergoes an autapomorphic reversal in H. gertschi, falsifying this character state as a diagnostic synapomorphy of Hoffmannihadrurus.
(3) Ridges of fused spinule clusters of leg tarsus and basitarsus well defined in Hadrurus, even in early developmental stages, but 'not well defined, essentially obsolete in early developmental stages' in Hoffmannihadrurus (Fet et al. 2004) . This character, included in our revised character matrix as character 49 (Table 4 ; Appendix 3), also has several problems. First, Fet et al. (2004) did not examine juveniles of H. gertschi, but instead extrapolated from juveniles of H. aztecus on the untested assumption that the two species form a monophyletic group. Second, all Hadrurus species, including H. aztecus and H. gertschi, are fossorial and the spinule clusters and their associated microscopic ridges, are subject to wear depending on the hardness of the substrate and the time since the last moult. A recently moulted individual is expected to display better defined ridges than one that has been repeatedly enlarging its burrow since its last moult, regardless of age (or instar). Describing a scanning electron micrograph, Fet et al. (2004, p. 20) stated: 'we see that in an adult H. gertschi only a subtle trace of the ridges are visible on the extreme base of the fused spinule' [sic] . During the present investigation, we examined eight adult specimens of H. gertschi, in several of which, the ridges were clearly visible under moderate magnification (220×) using a dissecting microscope (more difficult to discern in specimens under ethanol than in air-dried specimens). Following our observations, we question the evidential basis for the distinction between the ridges proposed by Fet et al. (2004) . In spite of these doubts, we included this character in our revised character matrix to test its potential as a synapomorphy for Hoffmannihadrurus. As with the other putatively diagnostic characters proposed by Fet et al. (2004) , the obsolete condition was plesiomorphic in H. aztecus and underwent an autapomorphic reversal in H. gertschi (Fig. 4) , falsifying this character state as a diagnostic synapomorphy of Hoffmannihadrurus.
The most surprising result of our reanalysis is the close phylogenetic relationship between H. gertschi and H. pinteri, supported by three unambiguous synapomorphies (state 1 of characters 5, 32 and 38; Fig. 4 Fig. 3 ). However, the chosen outgroup, the 'aztecus' group comprises one species with (H. gertschi) and one without (H. aztecus) external accessory trichobothria, hence this character would have optimised ambiguously. Furthermore, the same character appears as a synapomorphy (state 1 of character 2) for the 'hirsutus' subgroup. Character 2 can be further subdivided as indicated in Appendix 3 (characters 32, 35 Fet et al. (2001, p. 146) . To avoid such inevitably ad hoc procedures, we instead propose a simple presence or absence of accessory trichobothria (Table 3 , character 36) and add an additional character, previously identified by Soleglad (1976, pp. 119-120, figs. 4, 8, 12, 16, 20, and 24) , for the arrangement of the ventral trichobothria ( Williams (1970, pp. 44, fig. 14) , the carapace and mesosoma of H. spadix are completely melanic (we prefer the term 'infuscated'), and this species should have been scored the same as H. pinteri. According to Fet et al. (2001, pp. 142) , H. spadix exhibits a melanic wedge-shaped pattern on the carapace but it is 'masked out by the totally melanic pattern'. We question how it is possible to observe a melanic wedge-shaped pattern that is 'masked out' on an entirely melanic carapace. Second, we doubt the homology of the 'variable' patterns assigned to states 1 and 2. Given the diversity of patterns observed on the carapaces of Hadrurus species (vide Fet et al. 2001, p. 143, figs. 2-12) , we disagree with the coding presented by in characters 9-11. We recoded the variation as presented in characters 1-3 and 10 in the revised matrix. 10. Melanic crescent-shaped pattern on carapace: no (0); yes, carapace posterior and mesosoma melanic, H. a. arizonensis (1); yes, carapace posterior and mesosoma without melanic pattern, H. a. pallidus (2) . This character was created by to separate the two subspecies of H. arizonensis. Although there is some variation in this character, e.g. see Williams (1970, pp. 44-45, figs. 14-21), we incorporated it in character 3 of the revised matrix, and scored it in separate terminals representing the three subspecies of H. arizonensis. 11. Melanic wedge-shaped pattern on carapace: no (0); yes, interocular area melanic, H. spadix (1); yes, interocular area clear to some degree, H. obscurus (2) . This character was recoded as character 1 in the revised matrix. As indicated above, the melanic wedge-shaped pattern is not discernible in H. spadix, the carapace of which is entirely infuscated. 32-37 24-31 Williams (1970 32-37 24-31 Williams ( , 1980 H. arizonensis austrinus 35-41 28-32 Williams (1970 35-41 28-32 Williams ( , 1980 H. arizonensis pallidus 32-37 24-31 Williams (1970) Table 7 Pectinal tooth count ranges for males and females of the species of Hadrurus Thorell (see Fig. 5 ).
H. arizonensis arizonensis
12. Marbled melanic patterns on metasoma and chelal palms: yes, H. pinteri (0); no (1) . We consider the infuscation of the metasoma and chela to be separate characters and they were coded as such in the revised character matrix (Table 3, 
Pectinal tooth count-based character
15. Gross pectinal tooth count ranges for males and females: normal ranges, male 32-44 (37) , female 24-35 (29) (0); reduced ranges, male 28-35 (32) , female 22-27 (24) (a reduction of approximately 14-17%), H. hirsutus (1) . In the cladogram by , character state 1 (reduced pectinal tooth count ranges) is autapomorphic for H. hirsutus. The first problem is that Caraboctonini possess lower ranges (usually less than 20 pectinal teeth), Figure 5 Pectinal tooth count ranges for species and subspecies of Hadrurus Thorell (see Table 7 ).
calling into question the definition of 'normal'. Pectinal tooth count ranges for both sexes of all Hadrurus species are provided in Table 7 . Among the species with 'normal' ranges, consider H. arizonensis arizonensis, with tooth counts of 32-37 in males and 24-31 in females, to be at the low end, and H. pinteri, with tooth counts of 38-44 in males and 28-35 in females, to be at the high end. The counts for H. gertschi vary from 31-33 in males and 26-29 in females, spanning the variation in both. Figure 5 illustrates the futility of this character as a taxonomic or phylogenetic concept and it was therefore excluded from the revised matrix. 
Biogeographical-based characters

